Phytosynthesis process of silver nanoparticles using plant extract is simple, cost-effective, and ecofriendly. In this present investigation, we report the green nanoparticles prepared by using stem extract of Cissus quadrangularis and assess the physical and chemical factors such as time duration, metal ion concentration, pH, and temperature that play vital role in the nanoparticles synthesis. The maximum synthesis of silver nanoparticles was attained within 1 h, at pH 8 and 1 mM AgNO 3 concentration, and 70°C. The nanoparticles obtained are characterized by UV-vis spectroscopy. Silver nanoparticles that were synthesized under these conditions show crystalline nature confirmed by X-ray diffraction and show mostly spherical and some rod and triangle shapes with sizes ranging from 37 to 44 nm, which were characterized by scanning electron microscopy. Fourier transform infrared spectroscopy shows that the functional groups are carboxyl, amine, and phenolic compounds of stem extract which are involved in the reduction of silver ions. Thus, synthesized silver nanoparticles show more antibacterial activity against Klebsiella planticola and Bacillus subtilis, which was analyzed by disc diffusion method.
Background
Nanotechnology is a multidisciplinary research field that emerges from physical, chemical, and engineering sciences with novel techniques and produces material at nanoscale level [1] . Nanomaterials are the essential building elements of nanotechnology. Nanoparticles are very important and have a distinct property, that is, they exhibit larger surface area to volume ratio [2] . This increase in surface area to volume ratio leads to the change of the properties of nanoparticles better than the bulk particles [3] . Due to their great availability of surface area, they are involved in a many applications such as catalysis [4] , drug delivery [5] , biosensing [6, 7] , and optics [8] . The noble metals such as Au, Pt, Pd, and Ag are synthesized by various methods such as physical, chemical, and biological methods. Physically and chemically mediated syntheses necessitate high pressure and temperature, high cost, and toxicity [9] . The involvement of biological entities in the nanoparticle growth is gaining tremendous advantages such as production of anisotropic nanoparticles with size and shape control and intensive energy. Biological methods of nanoparticle synthesis by using microorganisms [10] such as bacteria [11] , fungus [12] and algae [13] , enzyme [14] , and plants both intracellularly and extracellularly show timeconsuming and ecofriendly process. Microorganismassisted nanoparticles synthesis is a time-consuming process which takes 24 to 120 h [15, 16] . But greenmediated synthesis of nanoparticles by using plants has more advantages over the micro-mediated synthesis process because it mainly eliminates the maintenance of cell cultures. The utilization of plant materials for biosynthesis of nanoparticles is called green synthesis [17] . Plant-mediated synthesis has been suggested as possibly eco-friendly, cost-effective, and less time-consuming process and do not involve any toxic chemicals [18] [19] [20] . The advantage of using plants for the synthesis of nanoparticles is that they are easily available, safe to handle, and possess a broad variability of metabolites that may aid in reduction. The time required for 90% of the reduction of silver ions was about 2 or 4 h [21] . The motivation for choosing the plant was its medicinal properties, and capping or reducing agents are available in this plant. The size, shape, stability, and the synthesis of nanoparticles were dependent on the various factors such as capping agents, pH, templates, and temperature. Gericke and Pinches reported that the intracellular particles formation and size of the particles could be controlled by altering the key factors such as pH, temperature, substrate concentration, and exposure time to the substrate [22] .
Among the metal nanoparticles, silver has been consumed largely due to their antimicrobial and pharmaceutical applications [23, 24] . Silver has long been recognized as having inhibitory effect on microbes present in medical and industrial process [25, 26] . The most important application of silver and silver nanoparticles is in medical industry such as topical ointments to prevent infection against burn and open wounds [27] . Medical devices and implants were prepared with silver-impregnated polymers [28] and antibiotics [3, 29] . The antimicrobial activity of silver nanoparticles mainly depends on the size property. The small-sized nanoparticles have large surface area to improve the antimicrobial activity in addition to improving chemical stability [30] .
Cissus quadrangularis (Linn) has been used by common man in India for the promotion of fracture healing. It is also known as Vitis quadrangularis Wall and belongs to family Vitaceae. It is a common perennial climber and is distributed throughout India, particularly in tropical regions [31] . This plant was used in Ayurveda as an alternative anthelmintic, dyspeptic, digestive, tonic, analgesic in eye and ear diseases, and in the treatment of irregular menstruation and asthma. The whole plant is used in oral rehydration; while the leaf, stem, and root extracts of this plant are important in the management of various ailments. In addition, this plant is used in the management of obesity and metabolic disorders [32] . This plant has antioxidant property and free radicalscavenging activity [33] .
In this work we report the synthesis of silver nanoparticles by the stem extract of C. quadrangularis as a reducing agent and find the effective factors for its synthesis process by varying the pH, temperature, metal ion concentration, and time duration. UV spectrophotometer was used to characterize the synthesized silver nanoparticles.
Results and discussion

Visible observation of nanoparticles synthesis
The formation of silver nanoparticles was preliminarily confirmed by the change of color of the solution ( Figure 1 ). The color change from watery yellow to brown color of the aqueous solution was due to the excitation of the surface plasmon resonance [34] and SPR band which both play an important role in the confirmation of silver nanoparticles formation [35] . It also indicates that reduction of silver ion in the aqueous solution by the stem extract of C. quadrangularis.
UV-vis spectrum analysis of influencing the factor in synthesis process Figure 2 shows UV spectra exposed from the reaction of reduction of silver ions which have polydispersed nanoparticles with broadening peak in the absorbance band at the wavelength of 450 nm. Nanoparticles formation was dependent on the different physical and chemical factors such as metal ion concentration, incubation time, pH, and temperature. These optimized factors affect the silver nanoparticles formation. This study identifies which factors should affect the nanoparticle synthesis.
The first factor is concentration of silver nitrate; the nanoparticles formation was increased while increasing the concentration of silver nitrate ( Figure 3 ). At 1-mM concentration, the band at 410 nm shifts into 450 nm while increasing the silver nitrate concentration. Similar results are obtained using the seed extract of Jatropha curcas with different concentrations of silver nitrate [36] . It is because of the bioavailability of functional groups in the 10 ml of stem extract of C. quadrangularis is involved in the reduction of silver ion. Figure 4 shows the factor of time-dependent formation of silver nanoparticles. As the time duration increased, the nanoparticle synthesis also increased. Nanoparticle formation was initiated within 5 min. The completion of nanoparticle synthesis was achieved after 1 h as identified in Figure 4 . After 1 h the precipitation of nanoparticles occurred due to the instability of the silver nanoparticles. Agglomeration of nanoparticles shows the larger size of nanoparticles. So the optimum time duration for the formation of nanoparticles was 1 h. Earlier studies show it was a long-duration process when using some sources such as fungi which took 72 h in duration for synthesizing the silver nanoparticles [37] , but in this study, it is a less time-consuming process. Some of the plants sources also took much longer time duration for silver ion reduction process.
The pH is one of the most important factor for nanoparticle formation. The shape and size of the nanoparticles are dependent on the pH of solution. In this study, the acidic pH 4 shows the peak at 420 nm. The absorbance band was increased while increasing the pH up to 8 due to the excitation of surface plasmon resonance. At pH 8 the absorbance peak was at 450 nm. The acidic pH suppresses the nanoparticle formation. At low pH, agglomeration took place because of the over nucleation and formation of larger nanoparticles. At high pH, a large number of nanoparticles with the small surface area are present due to the bioavailability of functional groups in the stem extract. Nanoparticle formation was increased with increasing pH. In the alkaline conditions, more precipitation or agglomeration occurred due to the instability of silver nanoparticles or due to lack of stabilizing agent. So the alkaline pH 8 was favorable for the nanoparticle formation ( Figure 5 ).
Another one important factor is temperature. In this study nanoparticle synthesis was increased. While increasing the temperature (Figure 6 ), the absorption peak shifts from 460 nm in the temperature of 30°C; while by increasing the temperature up to 70°C, the band shifts to 440 nm, which is due to the localization of the surface plasmon resonance of the silver nanoparticles [38] . In higher temperature, the reduction occurred very hastily.
Characterization studies X-ray diffraction X-ray diffraction (XRD) pattern obtained for the silver nanoparticles was shown in Figure 7 . XRD shows that the crystalline structure of silver is face centered cubic. In XRD, silver has similar diffraction profile with intense peaks at 2θ of 38.13°, 44.1°, 64.35°, and 77.88°corre-sponding to the planes (111), (200), (220), and (311), respectively. This indicates that the synthesized silver nanoparticles by using stem extract of C. quadrangularis had crystalline nature. Similar results were obtained by [39] using the Bacillus cereus microorganism.
SEM and EDX analysis
Scanning electron microscopy (SEM) image shows ( Figure 8 ) the morphological character of silver nanoparticles synthesized by using extract of C. quadrangularis.
This image shows that the sizes at around 37 to 43 nm with many shapes which are triangle, rod, and spherical are clearly observed. This SEM image also showed the aggregation of the silver nanoparticles.
Energy dispersive X-ray spectroscopy (EDX) shows the chemical analysis of synthesized silver nanoparticles using the C. quadrangularis stem extract (Figure 9 ). The strong signal was obtained at the energy of 3 keV for silver and also some of the weak signals from Cl, K, O, Ca, Mg, and S. The major emission energy at 3 keV indicates that the silver has been correctly identified.
FTIR analysis
FTIR analysis reveals the functional groups of the silver nanoparticles synthesized using stem extract of C. quadrangularis as shown in Figure 10 . The band at 3,324 cm −1 shows O-H stretching vibrations of hydroxyl groups [40] , H-bonded alcohols, phenols, or N-H stretching of 1°and 2°amines and amides. The band at 3,195 cm −1 appears due to the O-H stretching vibrations of carboxylic acids. A weak band at 2,966 cm −1 corresponds to C-H stretch alkanes and O-H stretch carboxylic acids [35] . The peak at 2,856 cm −1 shows C-H stretching for alkanes; peaks at 2,297 and 1668 cm −1 contribute to C=O stretch α, β-unsaturated aldehydes, and ketones; the peak at 1,596 cm −1 shows -C-C-skeletal vibrations [41] . The band at 1,400 cm −1 assigned to O-H bend indicates carboxylate [40] ; the band 1,193 cm was assigned for C-Cl stretching vibrations of alkyl halides. The functional biomolecules are carboxylic and amine groups involved in the reduction of silver ions, as confirmed by FTIR spectrum.
Assay of antibacterial activity of synthesized silver nanoparticles
Antibacterial activity of synthesized silver nanoparticles against Bacillus subtilis and K. planticola was assayed by disc diffusion method (Figure 11 ). The concentration of silver nanoparticles varied from 10 to 50 μl. The zone of inhibition increased while increasing the concentration of silver nanoparticles. The zone of inhibition in diameter was tabulated (Table 1) . Silver nanoparticles are very toxic in gram-negative bacteria than the gram-positive bacteria due to the difference in the cell wall of bacteria.
The mechanism of its antibacterial activity was not understood clearly. Some of the researchers explained the possible mechanism of antibacterial activity of silver nanoparticles. Silver nanoparticles attach with the cell wall of bacteria by electrostatic attraction and disrupt the cell permeability and respiration due to the generation of the reactive oxygen species. Silver nanoparticles bind with thiol groups of DNA and RNA and affect the protein synthesis of the bacteria [42, 43] . Silver nanoparticles form the pits on the cell surface and induce the proton leakage resulting in cell death [44] . The antimicrobial activity of silver nanoparticles depends on the size of the particles. Smaller particles having the larger surface area available for interaction will give more bactericidal effect than the larger particles and since they easily penetrate into the cell [45, 46] .
Conclusions
This present investigation shows the bioreduction of silver nanoparticles using the medicinal valuable stem extract of C. quadrangularis by optimizing the factors for rapid and stabilized nanoparticles synthesis. Nanoparticle synthesis process was controlled by incubation time, metal ion concentration, pH, and temperature. High pH and temperature influence the rapid synthesis of silver nanoparticles. Thus, synthesized silver nanoparticles are mostly spherical as confirmed by SEM. Mainly carboxylic and amine groups may responsible for the reduction process as revealed by FTIR. This green method is simple, rapid, eco-friendly and reliable, and it may have a potential use in the biomedical applications due to its high antibacterial activity.
Methods
Preparation of reducing agent
All the chemicals and reagents are purchased from Himedia, Mumbai, India. The stem of C. quadrangularis was used as a reducing agent for the preparation of silver nanoparticles, collected from Western Ghats of Tamil Nadu. A 20 g of stem was thoroughly washed with Tween 20 and double-distilled water. The cleaned stem was cut into fine pieces which were boiled in 100 ml of double-distilled water for 5 min and filtered through Whatman no.1 filter paper. Filtered extract was stored at 4°C for 1 week for further experiment use.
Synthesis of silver nanoparticles
A 10 ml of stem extract was added into the 90 ml of aqueous solution of 1 mM of silver nitrate and kept at room temperature. The color change of the solution indicates the formation of silver nanoparticles. The reduced silver nanoparticles were monitored in UV-vis spectrophotometer.
Study of the effect of physicochemical factors in nanoparticles synthesis
To study the effect of silver ion concentration in nanoparticle synthesis, 10 ml of stem extract was added into different concentrations of silver ions (1, 2, 3, 4, and 5 mM). To study the effect of time duration on nanoparticle formation, the reaction solution was incubated at specific time intervals 0, 10, 20, and 40 and 1, 2, 3, 4, and 24 h. To study the effect of pH, experiments were carried out by varying the pH (4, 5, 6, 7, and 8) of the stem extract. The effect of temperature was studied by keeping the reaction solution at different temperatures (30°C, 45°C, 60°C, and 70°C). The influence of these physicochemical factors in silver nanoparticles formation was confirmed by UV-vis spectrophotometer at different wavelengths.
Characterization study of synthesized silver nanoparticles
The reduction process of the solution was monitored on a PerkinElmer double-beam UV spectrophotometer (PerkinElmer Inc., Waltham, MA, USA). The reaction of the aliquot solution analyzed at different reaction times in the wavelength ranges between 300 and 700 nm. The crystalline nature of the silver nanoparticles was characterized by X-ray diffraction. The reaction mixture was purified by repeated centrifugation at speed of 10,000 rpm for 10 min, and the pellets were dried at room temperature. The dried powder of silver nanoparticles was characterized by XRD (Philips PW 1830; Royal Philips Electronics, Amsterdam, Netherlands). The morphology and size of the silver nanoparticles were determined by scanning electron microscope (Philip model CM 200). The elemental analysis of silver was carried out by energy disperse analysis X-ray (EDAX). Fourier transform infrared spectroscopy (FTIR) measurements were carried out for dried biomass of leaf extract treated with silver nanoparticles to find out the compound responsible for the synthesis of silver nanoparticles. The FTIR was obtained on a Shimadzu instrument (Shimadzu Co. Ltd., Beijing, China) with the sample as KBR pellet.
Assay of antibacterial activity
Antimicrobial activities of synthesized silver nanoparticles against the two bacterial cultures of Bacillus subtilis (3053) and K. planticola (2727) (MTCC, Chandigarh, India) were assayed by disk diffusion method. These two bacteria were grown in LB broth for 24 h. Approximately 20 ml of molten and cooled Muller Hinton agar was poured into the Petri dishes. The two tested organisms are swapped over the agar medium, and the silver nanoparticle-containing disks were kept over the medium using sterile forceps. The silver nanoparticle disks were prepared at different concentrations (10, 20, 30, 40 , and 50 μL) and incubated at 35°C for 24 h. 
